Solar energy is an important source of renewable energy. In this paper, renewable energy is used to cooling purpose in the Middle East. The cooling load is calculated for major cities of the Middle East. An ammonia absorption refrigeration cycle (AARC) is used for cooling purpose. Solar energy is used as the source of high temperature. Codes are written in EES software to analysis the solar cooling cycle. In this analysis, temperature, enthalpy, and other thermodynamic properties are obtained in different cases. Weather properties information such as winter and summer design temperatures of these cities are obtained from HVAC handbooks. The variation of temperature and cooling capacity in different months and different hours of a day is calculated and is shown in different figures. Cooling ability of solar cooling system varies in the different month and different hours. Furthermore, the influence of the efficiency of heat exchanger of solar cooling system on the coefficient of performance of cycle and the cooling capacity is investigated. In this paper, different climates with summer design dry bulb between 32º C and 47º C and solar heat gain between 840 w/m 2 and 890 w/m 2 are considered.
INTRODUCTION
With concerns of energy lacks and air pollution, solar energy is known as one of the most beneficial energies for its rewards of being renewable and clean. The ammonia-H2O solar absorption cooling system (SACS) is a good prospect since it can produce a higher coefficient of performance (COP) under lower heat source temperature conditions. The majority of researches on SACS have focused on as follows. Zhang et al. [1] presented a multi-stage heat storage system using phase change materials with different melting points into the heat pump solar absorption cooling system which suggested by their earlier research work [2] . By meteorological data for the city of Nanjing, the performance of the new system with a chilling capacity of 10 kW is analyzed. Tiwari et al. [3] wrote the computer code in MATLAB 9.0 which is interfaced with Refprop 9.0 in order to improve a thermodynamic model of solar driven organic Rankine cycle. An innovative glazed reverse absorber conventional composite parabolic concentrator integrated with recovered organic Rankine cycle.
Paradis et al. [4] presented a genuine two-dimensional transient numerical model to estimate the temperature field and the dependent electrical performances of different solar absorber plates. It can readily be adapted for solar thermal absorber plates, standard PV plates or thermally enhanced PV plates that can be used in PV/T solar collectors. The model can also be joined with the appropriate heat exchanger equations to simulate a complete solar collector. Lizarte et al [5] led experimental trials on a new solar-driven, directly air-cooled, single effect, 4.5 kW-LiBr/H2O absorption cooler prototype. The aim was to air-condition a 40-m2 room located in Madrid. The solar capability contained whiten a vacuum flat-plate collector field, with a total aperture area of 42.2 m2, a 25-kW external plate heat exchanger and a 1.5-m3 storage tank. AbuEin et al. [6] provided a full thermodynamic analysis of a 10kW solar absorption chilling system using ammonia-water combinations as a working medium. This analysis contains both first law and second law of thermodynamics. The coefficient of performance (COP), exergetic coefficient of performance (ECOP) and the exergy losses (ΔE) through each section of the system at different working conditions are achieved.
Ursula Eicker and Dirk Pietruschka [7] worked on solar thermal absorption coolers. A complete simulation model was established for absorption chilling systems, combined with a stratified storing tank, steady-state or dynamic collector model and hourly resolved building loads. The model was validated with experimental data from several solar cooling plants. Adibi et al [8] investigated effect of intercooler on the network and efficiency of Brayton cycle (BCE). In this research, different states such as ideal Brayton cycle (BC) with intercooler and with or without regenerator and also real BCs are considered. In all of the cases the effect of parameters like Intercooler output temperature, intercooler internal pressure, on the compressor consumed work (CCW) and on cycle efficiency is investigated and the optimal pressure (OP) and temperature in each state are determined. Adibi et al. [8] simulated another thermodynamics cycle in EES software and found the optimum states. Mesmoudi et al. [9] designed the greenhouse, as well as the cover material properties in particular, may strongly impact the greenhouse energy. To study the effect of these parameters, three typical unheated greenhouses equipped with rows of canopy were considered. Experiments were launched to establish the boundary conditions and validate the model. Bataineh and Taamneh [10] investigated the performance of standalone solar Stirling dish system used to electrify rural houses. The yearly performance which depends on location is simulated using software developed by The National Renewable Energy Laboratory's SAM (Solar Advisor Model). Direct normal insolation, ambient temperature, density of air (altitude), sun elevation angle, and the wind speed are included in the simulation model.
Yayun et al. [11] simulated and analyzed the flow field characteristics and the random features of particle trajectories inside a hydrocyclone based on computational fluid dynamics.
Mustafa [12] performed a theoretical model to study the effect of magnetic field on transient free convection flow of an electrically conducting fluid past an accelerated vertical plate with periodic temperature.
DESCRIPTION OF USED SYSTEM
The ammonia absorption refrigeration cycle (AARC) is shown in Figure 1 . The solar is the high-temperature source for this cycle in this research. This AARC is used for cooling purpose in Middle East cities. In this cycle, high pressure Liquid ammonia pass the expansion valve and its pressure fall down and its state become the composite of liquid and gas. This composite enters evaporator and absorbs heat from cold place and it becomes ammonia vapor in low pressure. Low pressure ammonia vapor goes to absorber and it is absorbed to water. The new liquid passes the pump and its pressure goes up. This strong ammonia solution in high pressure obtains heat in heat exchanger and enters generator. This liquid absorbs heat from solar energy and high pressure ammonia vapor and weak ammonia solution exit from generator. The weak ammonia solution goes to the heat exchanger and the high pressure ammonia vapor goes to the condenser. In the condenser, heat transfer from high pressure ammonia vapor to the surrounding and the high pressure ammonia vapor converts liquid. 
THERMODYNAMIC ANALYSIS
The rate of heat transfer from condenser to ambient is obtained by 7 7 8 ()
where " m " is the mass flow rate, and "h" is the enthalpy. For expansion valve, one has
The rate of heat removal from evaporator is expressed as 10 10 9 ()
The rate of heat transfer from condenser to ambient is found 
The input power for pump is obtained by
where "ν" is the specific volume, and "p" is the pressure. For heat exchanger, one has 
The rate of heat transfer in generator is found by 
Solar energy is used as a high-temperature source to prepare the necessary heat for the generator. Solar cells are absorbed solar energy. So the rate of absorbed energy in generator can be calculated from 
where "Ts" is the temperature of solar cell and "Ta" is the temperature of ambient. According to continuity, one takes 
where "x" is the ammonia ratio in mixture and is defined as
The coefficient of performance is obtained by 
In the following, calculation of cooling load for a building is explained. The cooling load from walls, floors, and roofs is obtained by Q= AU ∆T e (13) where "A" is the area, "U" is the total heat transfer coefficient, and "∆Te" is the effective temperature difference. The cooling load for windows is calculated from
where f1 to f6 are the correction coefficients, "A" is the area, and "SHG" is the solar heat gains. The cooling load is gained from
where "Qs", "QL" are the sensitive and latent loads, "̇" is the mass flow, "Ti","To" are the inside and outside temperature," , " are the internal and external humidity.
To obtain the total cooling load, one must consider the cooling loads of people and instrument such as oven.
PERFORMANCE ANALYSIS
In this research, solar absorber system is used to prepare cooling load of a building. In each simulation, equation 1 where "Ts" is the solar surface temperature, and "Ta" is the ambient temperature.
Where "h" is enthalpy, "m" is mass flow rate, "p" is pressure, "qu" is quality, "s" is entropy, "T" is temperature, "u" is internal energy, "v" is specific volume, and "x" is the ammonia ratio in mixture.In this part, the influence of independent parameters on solar cycle performance is surveyed. In this paper, the capital of the Middle East is studied for cooling purpose. So in the first step, one needs this cities heat, ventilation and air condition (HVAC) information. This data is shown in Table 2 .In this paper, ASHREA handbook [12] is used for HVAC information. Summer and winter design dry bulb temperature are the important information to calculate cooling and heating loads. This information is shown in Figure 2 . Kuwait has the hottest and Ankara has the coolest weather in the summer. Ankara is the coldest and Masqat is the warmest in the winter. The SHG is important to calculate the cooling load. When AARC is used as cooling system, it is important to calculate the cooling capacity of the cooling system. The SHG is shown for different cities in Figure 3 . Abu Dhabi has the highest and Ankara has the lowest SHG.
The solar energy is not constant during the day and during the year. Solar heat gains alters during the day. For example, this variation is shown for Cairo in different hour in Figure 4 and is displayed for Tehran in different month. It is obvious that SHG is maximum in the middle of the day and in June. The higher SHG means the higher cooling capacity. The temperature of these cities is changed during the day and the year. For example, this variation is shown in Figure 6 for Cairo in different hours and is displayed in different months for Kuwait in Figure 7 . Figure 6 has a maximum such as Figure 4 . The place of maximum is not equal for these figures. It is a 3 hours gap between two maximums. Also, Figure 5 and Figure 7 are similar. The higher ambient temperature means the higher cooling load. These figures show that higher capacity of cooling is near the higher cooling load. This is a good result. This result shows that AARC is the suitable system for cooling purpose.
According to equation (9), the efficiency of the solar regenerator depends on solar surface and ambient temperatures and SHG. The efficiency of generator versus temperature difference and SHG are displayed in Figure 8 and Figure 9 . Figure 8 shows that the efficiency of generator strongly depends on difference between solar surface and ambient temperature. The efficiency decreases sharply when this difference increases. Figure 9 demonstrates that the efficiency of generator increases when SHG rises.
One of the important parameters in solar absorber cooling system is the capacity of cooling in evaporator. To show the influence of SHG and ambient temperature on this parameter, cooling capacity is calculated in varies SHG and ambient temperature and results are depicted in Figure 10 and Figure  11 . Cooling capability linearly rises when SHG increases. Cooling capacity decreases while ambient temperature escalates. In Figure 12 , the effects of SHG and ambient temperature are considered at the same time then cooling capacity is displayed versus time. Figure 10 is an ascending chart and Figure 11 is a descending chart. But Figure 12 has a maximum in the noon. This results are good too because the maximum cooling capacity is in the noon and maximum cooling load occurs at the same time.
To accurate analysis, an apartment in different cities is considered and its cooling and heating load are calculated. Results are shown in Table 3 and Figure 13 . The floor area of this apartment is 10 m 2 . This apartment has windows in north and south. The area of these windows is 9 m 2 and 12 m 2 . Kuwait has the maximum cooling load and Ankara has the minimum cooling load between these cities. Ankara has the maximum heating load and Masqat has the minimum heating load. The cooling and the heating loads are shown in Figure  13 and Figure 14 for July and January in different hours of the day. These figures demonstrate that the cooling and heating load depend on the time of the day.
In this part, the effect of heat exchanger efficiency is surveyed. For this reason, the efficiency of heat exchanger is altered from 50% to 100%. Then COP and cooling capacity are calculated in each state. Consequences are expressed in Figure 16 and Figure 17 . When the efficiency of heat exchanger increases, COP and cooling capability are raised. 
CONCLUSION
In this paper, the ammonia absorption refrigeration cycle (AARC) have been used to prepare cooling of capital cities in the Middle East. In this work, the cooling and heating load of an apartment in these cities have been calculated. Also the HVAC information of these cities such as design dry bulb temperature in summer and winter and solar heat gains (SHG) have been extracted from ASHREA handbook. The variation of temperature and cooling capacity in different month and different hours of a day is calculated and is shown in different figures. It is shown that cooling capacity depends on solar energy and solar energy changes during the day. The results show that the maximum SHG is five times the minimum SHG. As a results, cooling capacity change during the day. Fortunately, results show that the maximum cooling capacity is near the maximum cooling load of building. In the final part, the influence of the efficiency of the heat exchanger of AARC has been investigated. Outcomes show that the coefficient of performance and the cooling capacity increase when the efficiency of the heat exchanger of AARC rises. In this research, cooling load changes between 7401 W and 12500 W for Ankara and Kuwait.
